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ABSTRACT
Tin tetraiodide and tin tetrachloride with pyridine and 
benzoylacetone yielded pyridinium hexahalostannate salts and 
dihalobis(benzoylacetonato)tin(IV) complexes. Tin tetrabromide 
under similar conditions gave the anionic tin complex, pyridinium 
tetrabromobenzoylacetonatotin(IV). With n-butyltrichlorostannane 
as the starting Lewis acid, n-butyldichloro(acetylacetonato)- 
pyridine tin(IV) with pyridine coordinated directly to tin was 
isolated.
x
REACTIONS OF TIN CIV) LEWIS ACIDS 
WITH 3-DIKETONES IN THE 
PRESENCE OF PYRIDINE
IREACTIONS OF TIN TETRAHALIDES WITH 
POTENTIAL UNINEGATIVE BIDENTATE 
LIGANDS— -LITERATURE SURVEY
In recent years the reactions of various tin CIV) species 
with numerous potentially uninegative bidentate ligands such as 
acetylacetone^ benzoylacetone^*^, dibenzoylmethane^*^*^,
3-methylacetylacetone^\ 8-hydroxyquinoline^*^*^ tropolone^,
19 17 20aminotropinimine salicylaldehyde and imidazole have been
studied. Derived compounds are generally of two types: Cl) simple
Lewis acid-base adducts Ci.e., all bonds in the donor and acceptor
molecules remain intact) and (2) complexes in which the ligand
binds to the metal in its anionic form. Both 1:1 and 1:2
(tin:donor) adducts have been reported^ Mono-, di-, tri-, and
tetra-substituted complexes have been prepared with the anionic
ligands. The tin atom in the latter complexes exhibits coordination
numbers from four to eight. However, only the structures of six
coordinate (octahedral) complexes have been studied extensively.
A. g-Diketone Derivatives
1. Adducts
5
In 1924, Morgan and Drew isolated a compound 
having the empirical formula SnCl^CC^H-gC^) from a mixture of tin
. 2
tetrachloride and acetylacetone -(.1 :1 . molar ratio) at room tempera­
ture. They thought this compound to be an equimolar mixture of 
dichlorobis(acetylacetonato)tin(IV) and hexachlorostannic acid. 
However, since heating at 55° under reduced pressure had no effect 
on the compound (H^SnClg sublimes readily ca.50°}, Mehrotra and 
22Gupta concluded that no hexachlorostannic acid was present.
They suggested instead the structure shown in Figure 1A which
\
they postulated as being formed by the mechanism shown at the 
center of Figure 1. They state that they isolated the intermediate 
illustrated in Figure IB by addition of tin tetrachloride to a
11
large excess of well—cooled acetylacetone. Allred and Thompson 
have examined the ir spectrum of Cl^SnCC^HgC^) and found no band
assignable to the hexachlorostannate anion. They proposed the
structure shown in Figure 1C as being most consistent with the
8data. The intermediate (Figure IB) of Mehrotra and Gupta could
be the adduct which has trapped excess acetylacetone solvate
molecules at the low temperature at which the reaction was carried
11
out. Allred and Thompson have also reported the isolation of 
the adduct of tin tetrachloride and 3-methylacetylacetone.
2. Disubstituted Enolate Derivatives
a) Halotin Derivatives
12 13In the early 1900s, Dilthey * and Rosenheim,
14 , •
Lowenstein and Singer reported the isolation of a >compound with
2GI2 from a 1:2 molar mixture ofthe empirical formula SnCC^H^i^}
22Structure suggested by Mehrotra and Gupta
SnCI4  ♦ 2CHjC0CH^C0CHj
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tin tetrachloride and acetylacetone which had been refluxed in 
benzene for several hours. Primarily on the basis of a high melting 
point, Dilthey assigned the compound the salt-like trimeric struc-
SnCl,tare jsnCC^O.,) J  2 £ 5Morgan and Drew subsequently
found the compound to be monomeric in boiling benzene. In addition
22Mehrotra and Gupta have also found the compound to be a monomeric 
non-electrolyte on the basis of cryoscopic molecular weight and 
conductivity measurements. They suggested the following structure 
as being more consistent with the data:
C,H3 CH,
I Cl / 3
C “ .?\ I ^ o - c
M C sS >>'CH
/ Ci \
ch3
In octahedral complexes of the type X2SnIi2 ,
where X = halide, aryl or alkyl group and L = uninegative, bidentate 
ligand, the possibility of cis-trans isomerism exists Cgoe Figure 2), 
The structures of the dihalobis(S-diketonato) tin CIV) complexes 
(3-diketonate = acetylacetone or dibenzoylmethane) have been shown 
to be rather unambiguously Cis. As can be seen in Figure 2, the 
nmr spectrum of a cis bis-acetylacetonato compound should have 
two methyl peaks when X = Y 0^ symmetry) whereas the trans complex
45 21CD2^ symmetry) should have only one. Smith and Wilkins examined
2 methyl resonances  
4 methyl resonances
CIS
1 methyl  
resonance
X = Y ; a=d^b = c 
X *  Y f a * b > c * d
Q H j
x*h/J<7 c
Q W jC H
• d 
CH?
Figure 2
Structure of complexes of the type X2S11L2
the nmr spectrum of dichlorobis(acetylacetonato)tin (IV) and found
two methyl peaks at ca.35°. Nelson^3 found the complex to have a
dipole moment of 6.7 D which is consistent with the unsymmetrie
23cis structure. Doron and Fischer have shown that this dipole 
moment is temperature independents thus eliminating the pos­
sibility of a Cis-trans equilibrium.
The dichlorobis(acetylacetonato)-complex 
exhibits an anomalous stability toward substitution of a third
chloride with respect to other analogous group IVA and IVB
2 12 24 2dichloro-complexes * * . Cox, Lewis, and Nyholm report that
a 3:2 molar mixture of tin tetrachloride and tris(acetylacetonato)
iron(III) yields dichlorobis (acetylacetonato) tin(IV) and iron(XIX)
chloride. This preparative method is similar to that used to
produce tris(acetylacetonato)germanium(IV) tetrachloroferrate(XII)
and tris(acetylacetonato)titanium(XV) tetrachloroferrateCXII).
\
In addition to preparation in inert organic 
1solvents, Ueeda et al. report the preparation of dichlorobis- 
(acetylacetonato)tin(IV) by mixing tin tetrachloride and 
acetylacetone in water at room temperature. This is somewhat sur­
prising considering the hydrolytic instability of tin tetrachloride 
in water*
b) Qrganotiii Derivatives
■ r . *
. Ueeda et al. report the following syntheses of
organotin 3-diketonates:
CH OH
CD R2SnCl2 + 2CH3ONa— l^ SnCOCiL^  + 2NaCl
CH OH
(2) R2Sn(0 0 ^ ) 2  + 2C5H80 j R ^ n C C ^ O ^ *  CH^H
H O
C3) RSnX3 + 2C5H802— ^RXSn(C 5 H702)2 + 2HX
8Nelson and Martin have reported the synthesis of diphenyl—tin 
derivatives by the reaction of dichlorodiphenyltinClV) and the thallium(I) 
£-diketonate.
8 10Nelson and Martin 9 have also produced compounds 
of the type R^ SnL^ -, where L is a uninegative bidentate ligand and R
is a phenyl group or a chlorine, by means of a phenyl-tin cleavage 
reaction.
The displacement of chlorine from tin in diphenyltin 
dichloride by chelating agents is favored in the presence of 
organic solvents such as benzene or ethanol, but tin-phenyl 
cleavage is favored at temperatures in excess of 100°, pro­
vided the ligand is present in high concentration.
The structure of these organotin-complexes has
been less well defined than that of the analogous dihalo-complexes.
The nmr of dimethyl- and diphenyIbis(acetylacetonato)tinCXV) has been
21
studied by Smith and Wilkins . They have found only one peak at
room temperature with no resolvable splitting. It is possible that
the single peak is due to exchange between the methyl protons rather
25than to a single methyl environment. Faller and Davison have 
shown such an exchange process to exist for the dichlorobis— 
(acetylacetonato)tinCIV) complex. At high temperatures the two 
methyl peaks begin to coalesce probably by a non-dissociative "twist"
JLJL / 'mechanism since the ring-proton shows Sn , Sn -CH^ coupling
26before, during, and after coalescence. Tobias and Glass have
shown that alkyl and aryl groups labilize the Sn-0 bonds thus
lowering the coalescence temperature of organotin-complexes.
21Smith and Wilkins suggest that the polar halides are able to 
lower the energy of the 5d orbitals sufficiently so that they may 
2 3be used for d sp hybrid orbitals. In the case of tin-carbon bonds
"the d-orbitals are too high in energy to be used extensively in
bonding." The net result being that the Sn-0 bonds are considerably
6weaker in the organotin complexes. McGrady and Tobias have found 
117 119the Sn * “^ 3  coupling constant for the dimethyl-complex to be
"intermediate between the values for the aquo and hydroxo complexes 
both of which have the trans structure." They believe that this is 
a strong piece of evidence in support of the trans structure for 
dimethylbis(acetylacetonato)tinClV).
4
The dipole moment of 2.99D is high for the sym—
8metric trans compound. Nelson and Martin have, however, suggested 
that a high dipole moment in compounds of the type trans R^SnL^
where L is an anionic bidentate ligand may be "ascribed to atomic 
polarization arising from the bending of the chelate rings rela­
tive to the metal ion." They go on to state that a "fairly large 
moment, several dehyes could be expected if the metal—chelate 
bonding were weak." There are two pieces of evidence for the 
existence of such weak bonding: CL) ”the failure of the charge
10
transfer band of the ligand to be shifted upon complex formation,"
and (2) "The decomposition of the complex upon gentle warming of the
solution." Later dipole moment and temperature dependent polar- 
. 4bization measurements by Nelson and Moore eliminate the possibility
of a large contribution due to atomic polarization. Thus, the
structures of diphenyl- and dimethylbis(acetylacetonato)tinClV)
must be Cis at least in benzene solution. Kawasaki, Tanaka, and 
27Okawara have studied the ir and raman spectra of dimethyl— 
bis(acetylacetonato)tinCIV) with the following results:
Ir Raman
-1556cm . . Sn-C antisymmetric stretch
, . . 508cm  ^ Sn-C symmetric stretch
-1421cm . .
The trans structure has symmetry and thus an inversion center
with which mutually exclusive raman and ir bands would be con­
sistent. The observed bands with the previously mentioned assign­
ments would not be consistent with the symmetry of the Cis
structure which should give two ir and two raman bands. Fitzsimmons
28 ..and Seeley have studied the Mossbauer spectra of these compounds
and found diphenylbis(acetylacetonato)tin(IV) to be Cis but
dimethyIbis(acetylacetonato)tin CIV) to be trans.
One possible explanation of the 'structure of the
dimethyl-compound, whose solution data with the exception of the
6coupling constants indicate that the compound may be cis while the
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solid state data indicate it to be trans is that the compound exists 
as a cis or cis-trans mixture in solution but as the trans isomer in 
the solid state. Kawasaki, Tanaka, and Okawara have reported tem­
perature dependent nmr studies of compounds of the type RXSnCCt-H^C^^
where R = CH^ and X = Cl,Br which they believe indicate a cis-trans
equilibrium exists for these compounds in solution. Furthermore,
30
Holloway, Luongo, and Pike have found such behavior to be the 
case for bis(acetylacetonato)diacetoxysiliconClV). The nmr spectra 
(see Figure 3) indicate that the compound is predominately trans in 
the solid state and in a fresh solution and a cis-tfans mixture in 
an aged solution.
3. Monosubstituted Enolate Derivatives
31 'Sommers, Mueller, and Neumann have reported a novel 
synthesis of an apparent five-coordinate compound (see Figure 4) by 
the polar 1,2 addition of R^SnH to alkylidene malonic and cyanoacetic
esters which is followed by stereochemical rearrangement to form the 
oxygen chelated complex. If the R-groups are aromatic Ci»e., able 
to stabilize the intermediates 2 and 2A), the reaction may also 
proceed by a free radical mechanism. The ir spectrum exhibits an
intensive band in the region 1600-1630 cm which is consistent with 
an oxygen-chelated complex.
Mehrotra and Gupta^ have reported the isolation, of 
a white solid CC2H^)2SnCC,-R^02) from the reaction of
15
4*1 V M
B
c:
mb
s^ i_j_
REGION CHS REGION
a) trans— ring proton
b) cis — ring proton
c) cis — methyl(acetylacetonate)
d) trans— methyl(acetylacetonate)
e) cis *— methyl(acetylacetonate)
f) cis — acetate
g) trans— acetate
Figure 3
Nmr spectra of diacetoxybis(2*4-pentanedionato)
silicon(IV)
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Figure 4
Reaction of R^SnH with alkylidene 
malonic esters
"triethyltinoxide with acetylacetone in an equimolar ratio in
benzene." The compound was found to be monomeric in boiling benzene.
20Since five-coordinate tin had previously been reported in com­
plexes of the type:
Mehrotra and Gupta postulated a five-coordinate structure for 
(C2H5)SnCC5H702).
4. Bridged Complexes
In addition to the previously mentioned imidizole
compounds containing "heterocyclic five-membered rings with . . .
two nitrogen atoms in the 1,3 positions, acetates and fluorines have
20been found to form stable bridges" . Kawasaki and co-workers 
have reported the preparation of dimeric methoxy(acetylacetonate)- 
tin(IV) by the addition of a large excess of methanol to a solution
18
of dihalobis(acetylacetonato)tin(IV) in dichloromethane, The ir 
spectra of these compounds are similar to "those of the corresponding 
bis(acetylacetonato)tin-complexes except for additional strong bands
—1 3appearing in the 1020-970 and 530-480 cm regions" . By comparison 
with other alkyltinmethoxides and dimeric tetraalkyl-l-halo-3- 
methoxy-distannoxane, these bands have been assigned to a "perturbed 
H^G-O vibration and a ring vibration of Sn-0 four membered ring*
respectively."
On the basis of the it spectrum Frazier and
18Rimmer postulate that SnF^bk-H may also be a fluorine bridged 
complex.
B. 8-Hydroxyquinoline Derivatives
I. Adducts
The reactions of the tin tetrachloride with
17
8-hydroxyquinoline as reported by Frazier are summarized in
18Figure 5, In a later article the formation of the mono-adduct 
for the analogous flourine (bromine and iodine would not form monb- 
adducts) and the di-adducts of flourine, bromine, and iodine are 
reported. In these adducts it appears that 8-hydroxyquinoline acts 
as a monodentate ligand since an intense band at 3100 cm~^ 
assignable tp an intramolecular hydrogen bond appears in the ir. If 
this bond remains unbroken, it is Impossible for 8-hydroxyquinoline 
to act as a bidentate ligand.
19
SnCl,4
Room Temperature 
Chloroform
Strong Heating or 
8-Hydroxyquinoline 
-HCl
oxH SnC14'oxH
2oxH . SnCl,°2oxH » 4
-2KC1
?2HCl
-HCl
3oxH. SnCl.*3oxH !T*_-
1 4 -oxH^Cl
4 o ^  SnCl4 -4oxH
SnCl20X2
Figure 5
Reactions of 8-hydroxyquinoline id th 
tin tetrachloride
20
On the basis of macroscale pyrolysis experiments
which showed that 8-quinolinolium chloride could be sublimed from
the "compound,11 that only one-half of the available chloride could
be titrated with silver nitrate, and ir spectra and x-ray powder
patterns which are superimpositions of those for the 1:2 mixture
17of SnCl^ox^ and oxH^Cl, Frazier and Goffer postulate that the
adduct SnCl^° 4ox-H is actually a mixture of SnCl20X2 and 20XH2CI.
Similarly SnCl^r 3oxH gives off hydrogen chloride and 8-quinolinolium
chloride when heated leaving SnCl2 (ox}2 » The supposition that this
compound is a mixture is supported by the infrared spectrum which 
confirms that both 8-quinolinolium chloride and 8-hydroxyquinolinate 
are present.
2. Disubstituted 8-Hydroxyquinolinate Derivatives
As can be seen in Figure 5, the adducts can be
readily converted by the removal of hydrogen chloride and/or
quinolinolium chloride by strong heating or reaction with excess
18
8-hydroxyquinoline. Frazier has shown this to be true for adducts
of the other tin tetrahalides as well. DichlorobisC8-hydroxyquino-
linato)tinCIV) and diphenylbisC8-hydroxyquinolinato)tin(TV) may
also be produced by the reaction of 8-hydroxyquinoline and tri-
10
phenyltin chloride in a phenyltin cleavage reaction. Westlake 
and Martin also report the isolation of this product from the 
reaction of 8-hydroxyquinoline and diphenyl£in dichloride in 
ethanol.
21
32
Schlemper has done the x-ray crystal structure of 
dimethylbis C8-hydroxyquinolinato) tinC.IV) and found it to be Cis. He 
has also found that "the Sn-0 bonds are shorter (2.11A) and pre­
sumably stronger than the Sn-N bonds (2.35A)." The bond angles 
indicate a distorted tetrahedral coordination about the tin* This
is some support for the three center-two electron bonding suggested
6by McGrady and Tobias for coordination numbers of tin higher than . 
four. The 5d orbitals which as previously discussed are too high 
for extensive bond formation except in halotin complexes do not ,
3
participate in these bonds. Only the tin sp orbitals Ctetrahedral)
33
are used to form the molecular orbitals as for example :
R.Sn 
.3
6Furthermore, McGrady and Tobias have found that the "tin-proton 
spin-spin splitting constants are comparable to those found for
tetrahedrally coordinated rather than for linear dimethy1tin-groups
15Kawakami and Okawara have observed only one
methyl peak in the nmr of dimethylbisC8-hydroxyquinolinato)tin(XV)
32and thus assign it the trans structure. Since Schlemper has
assigned the cis structure on the basis of x-^ ray crystallographic
28studies and fitzsiiraiions and Seeley , have also assigned it a Ois 
structure on the basis of the Mossbauer spectra the compound
22
probably possesses a cis configuration. Thus, the single nmr peak 
is probably due to rapid exchange between the honequivalent methyl 
protons. The ir spectrum which Kawakami and Okawara^ have also
■ — 1examined shows two characteristic bands at about 400 cm and
520 cm ^ for all methyltin oxinates which are not present in the 
starting materials. These have been assigned to the Sn-N and Sn-0
stretching vibrations respectively.
>■ ' 34"Ronucci and co-workers , have studied the ultraviolet
spectrum of diphenylbisC8-hydroxyquinolinato)tin(IV). On the basis
of comparisons with the spectra of other metal-bxinates, they
assign the compound an octahedral structure in which the
8-hydroxyquinoline is coordinated through both the oxygen and the
nitrogen.
9Westlake and Martin state that in the ir of
diphenylbisC8-hydroxyquinolinato)tin(IV) "no bands appear in the
region expected for the corresponding [ Sn-C ] symmetrical vibration.
Consequently it appears that the phenyl groups are in the trans
28positions." Since Fitzsimmons and Seeley have assigned this
compound a cis structure on the basis of the Mossbauer spectra, it
is probable that these bands must be obscured in some manner.
3. Mbtiosubstituted 8-Kydroxyquinbllnate Derivatives
18
Frazier and , Rimmer . report.the synthesis of tri- 
chloro(8-hydroxyquinolinato)tin(XV) by.the reaction of dichlorobis- 
(8-hydroxyquinolinato)tinClV) and tin tetrachloride* Ir spectral
and x-ray studies show that the compound is not an equimolar 
mixture of SnC^ox^ an<^  SnCl^* 2oxH. Since the compound readily
formed 1:1 presumably six-coordinate adducts with pyridine or 
8-hydroxyquinoline, they postulated a five-coordinate chelate 
structure.
34Ronucci and co-workers have reported the uv
spectrum of trimethyl(8-hydroxyquinolinato)tin (TV) to contain molar
absorptions similar to those for 8-hydroxyquinoline. They assign
the compound a four-coordinate, non-chelated structure in which the
oxinate ligand is bound to the tin through the oxygen atom. Wada 
35and co-workers have reexamined the uv spectrum in cyclohexane and
have obtained a spectrum similar to that of other chelated metal
oxinates. This difference may be explained by the study of
15Kawakami and Okawara on the effect of polar solvents on the
ultraviolet spectrum which shows that the Sn-N bond becomes greatly
weakened and may break in very polar solvents. On the basis of
15ultraviolet band shifts, Kawakami and Okawara have assigned the 
following sequence of stability in non-polar solvents:
(CH^)^Snox < CCH^)2Snox2 ~ CH^SnClox^ < (CH^^SnClox
The number of ir bands (i.e. three rather than the 
expected two Sn-C stretching frequencies) in the ir spectrum 
indicates that something, probably a Sn-N bond, is.disturbing the 
■ symmetry of the CCH^)^Sn group.
Trimethyltin oxinate exhibits only a single methyl
24
resonance in the nmr spectrum^. This is probably due to some form
of rapid exchange among the methyl protons. Since spin-spin
coupling between the tin atom and the methyl protons eliminates the
possibility of intermolecular exchange, some form of pseudorotation
15appears to be the most likely mechanism. Kawakami and Okawara have
found the coupling constants to be.smaller than those for the
6corresponding acetylacetonates. McGrady and Tobias have suggested
"that the Sn-0 and Sn-N bonds are more covalent than the Sn-0 bonds
in acetylacetonates and thus the tin 5s character has become more
uniformly distributed among all six b o n d sI nd ee d,  acetylacetonates
are less stable toward heating in solution and have lower Sn-0
stretching frequencies than the corresponding oxinates.
15'
Kawakami and Okawara also report a dispropor- 
tiohatioh reaction of these compounds in which the tin goes from 
a coordination number of five to six.
pyridine
2(CH3)2SnClox-  ---- » (CH3)2Snox2 + CCH3 )2SnCl2 • 2py
Both of the resultant compounds have been isolated and identified.
4. Trisubstituted 8-Hydroxyquinolinate Derivatives
18Frazier and Rimmer report the Isolation of SnClox3
from the reaction of tin tetrachloride and tetra-8-hydroxyquinolinato- 
tin(IV). The conductivity measurements were consistent with a non­
electrolyte. The ir is similar to that of other bidentate chelated 
metal-oxinate complexes. In addition, it contains a band assignable 
to the Sn-Cl stretch. The tin atom in these compounds is therefore
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probably hepta-coordinate.
5. Tetrasubstituted 8-Hydroxyquinollnate Derivatives
36Ramiah and Martin have reported the synthesis of 
the compound tetrakis (8-hydroxyquinolinate)tin(IV) by means of a 
pheny1-tin cleavage_ reaction. The compound was isolated from the 
reaction of diphenylbis(8-hydroxyquinolinato)tin(IV) and
8-hydroxyquinoline at 300°C. The structure |sn(ox)^£oxJ” may be
eliminated since the compound is a nonelectrolyte in nitrobenzene. 
The molecular weight determination shows that the compound is 
monomeric. The inability of methyl iodide to form a quartenary.
-1nitrogen, an ir absorption at 418 cm assignable to a Sn-N bond, 
and the thermal stability in boiling toluene all indicate that 
the ligands are bidentate. Furthermore, "'polarographic measurements 
of dimethylsulfoxide solutions indicate that the two- and four- 
electron reduction potentials are the same for the complex and for 
dyphenyltin bichloride.1" On the basis of this data an eight 
coordinate tin structure seems indicated.
C. Mixed Chelates with 8-Hydroxyquinoline and 3*~Diketones
9
Westlake and Martin report the isolation of compounds 
of the type R^SnoxL (where L is benzoylacetonate or dibenzoyl-
methanate, and R is methyl or phenyl) from the reaction of R^Snox^
and the appropriate thallium (I)3~diketonate. The nmr of
28
diphenyl(benzoylacetonato) C8-hydroxyquinolinato)tinClV) was found to
be consistent with an equimolar mixture of diphenylbis C8-hydroxy-
quinolinato)tin(IV) and diphenylbis(benzoylacetonato)tin(IV). A
comparison of the ir spectra of these compounds confirms this. The
methyne proton in the nmr spectrum of diphenylCdibenzoylmethanato)-
C8-hydroxyquinolinato)tin(IV) has been shifted from its position in
diphenylbisCdibenzoylmethanato)tinCIV). Thus, this compound would
not appear to be a mixture of diphenylbisCdibenzoylmethanato)tin CIV)
and diphenylbisC8~hydroxyquinolinato)tinCIV). The uv spectrum of
these compounds is consistent with a bidentate 8-hydroxyquinolinate
ligand. The 8-hydroxyquinolinate absorptions in diphenyiCdibenzoy1—
methanato)C8-hydroxyquinolinate)tin(IV) are perturbed by the
strongly absorbing dibenzoylmethanato ligand. This is further
evidence that this compound is a true complex and not a mixture.
Primarily because of a lack of a symmetric Sn-C vibration in the
' 9
ir of this compound, Westlake and Martin have assigned it a trans 
structure*
D. Tropolone and Aminotropinimine Derivatives
19
Muetterties and Wright have prepared the compounds 
T^SnX^ (where T is the tropolonate ion) by the reaction of the tin
tetrahalide and tropolone in either aqueous or non-equeous media. 
Since single crystal x-ray analysis shows the unit cell.to contain
+ 2r*
eight T2SnCl2 units, the ionic structure (T^Sn ^SnClg may be
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eliminated. The compound does not appear to form the T^Sn^ ions
in solution. This is in marked contrast to the behavior of tin
with N,N -dimethylaminotropinimine and its lithium salt with which
it readily reacts to give the octahedral A^Sn* chelate Cwhere A is
the aminotropinimine anion).
A tristropolonato derivative may, however, be obtained 
from the reaction of sodium tropolonate and tin tetrachloride* This 
compound gives no evidence of having a salt-like character.
It is insoluble in polar solvents and does not undergo the
metathetical reactions characteristic of T~M* and A0M+ salts.3 3
Furthermore, antimony pentachloride abstracts tropolone rather 
than chlorideion from T^SnCl.
A seven-cOordinate structure for this compound would seem most con­
sistent with the data. Phenyltris(tropolonato)tin CIV) has also 
been prepared. The molecular weight in dichloromethane is monomeric, 
thus, this compound would also appear to be seven coordinate. The
apparent inability of N,NJ-dimethylaminotropinimine to form such 
seven-coordinate complexes may be ’’ascribed to an intemolecular 
repulsion of N-CH^ groups which is clearly shown in molecular 
models.
E“ Salicylaldehyde Derivatives
1. Adducts
The salicylaldehyde adducts, SnCl^’ 2sal-H and
oy 1 f.
SnBr^" 2sal-H, were first reported by Pfeiffer in 1911. Frazier
' 31
and co-workers have studied the far infrared spectra of these
compounds. The frequencies for v—(mx) are roughly similar to those
for other six coordinate complexes. Since V(mx) generally decreases
with increasing coordination number, it appears that salicylaldehyde
acts as a monotentate ligand and that the tin is six coordinate.
They also state that it was "not possible to identify all the v(mx)
bands with certainty, so that conclusions regarding stereochemistry
were not possible."^
2. Disubstituted Derivatives of Salicylaldehyde
Nelson and Martin^ report the synthesis of
dichlorobis(salicylaldehydo)tin(IV) by means of a pheny1-tin cleavage
reaction. This compound appears anomalous in that the "infrared
spectrum provides evidence that this might best be considered to be
a four coordinate compound with the carbonyl non-coprdinated."
16Frazier has also studied the ir spectrum of this compound and 
obtained results similar to those of Nelson and Martin.
F. Summary
Tin readily forms derivatives with numerous potentially 
uninegative bidentate ligands in which it exhibits coordination 
numbers from four to eight. Of these, the (3-diketonates and to a 
lesser extent the oxinates appear to be the best characterized. As 
can be seen from the preceding discussion, no studies, of tin 
tetrahalide-(3-diketone systems in the presence qf a base such as an 
organic amine have been studied. The research to be described
32
in this thesis deals with the complexes which are formed. in the 
latter system.
II
EXPERIMENTAL
A. Reagents
Tin tetrachloride was purchased from Fisher Scientific 
Company. Tin tetraiodide and tin tetrabromide were purchased from 
Vertron Corporation. All tetrahalides were used without further 
purification. l-Phenyl-l,3-butanedione was purchased from Eastman 
Organic Chemicals. 2,4-Pentanedione was purchased from Eastman 
Organic Chemicals and redistilled before use. 2,2*6,6-Tetramethy1-3,5- 
heptanedione was prepared by the method herein described and puri­
fied by distillation. Pyridine was purchased from the Fisher 
Scientific Company* It was redistilled and stored over Linde type 
4A molecular sieves prior to use.
: I ■
E. Solvents
All solvents were obtained from commercial sources.
Before iise, they were dried by refluxing over and then distilling 
from either phosphorous pentoxide or calcium hydride under a stream 
of dry nitrogen. They were then stored over Linde type 4A molecular 
sieves. The storage flasks were equipped with side-arm stopcocks 
to admit nitrogen. The solvents were transferred under nitrogen 
to the reaction flasks using a syringe, under a stream of nitrogen.
The nitrobenzene was purified by a modification of the
41 ' '
method of Fay and Lowry. The solvent was washed three times with
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200 ml of sulfuric acid, once with water, with 1M sodium hydroxide 
until the washings were no longer colored and then again with water. 
Calcium chloride was then added to the nitrobenzene and the mixture 
allowed to stand before distillation. After the calcium chloride 
was filtered off, the nitrobenzene was distilled from phosphorous 
pentoxide under reduced pressure and stored over Linde type 4A 
molecular sieves.
C. Preparations
1. General Reaction Procedures for the Preparation 
of 3-Piketone Derivatives
The reactions to prepare all tin complexes were 
carried out in 100 ml 3-necked round bottom flasks equipped with a 
magnetic stirrer, nitrogen inlet, dropping funnel and where 
necessary a reflux condenser (see Figure 6 ). The apparatus was 
flamed under nitrogen and allowed to cool before the addition of 
reactants. All liquids were transferred in syringes. Tin tetra- 
bromide was liquified by gently heating in an oil bath. The tin 
tetrahalide was dissolved in the solvent in the round bottom flask. 
The 8-diketone ligand was first dissolved in the solvent and then 
added to the reaction flask dropwise with stirring. After the 
product had been precipitated in the 100 ml reaction flask by the 
means indicated in the individual procedures, it was filtered off 
under nitrogen using the apparatus shown in Figures 7 and 8 . The 
compounds were washed with a suitable solvent and dried under vacuum 
at room temperature in the funnel as shown in Figure 9.
35
to main
nitrogen cylinder
Figure 6
Diagram of the apparatus fpr the preparation 
of the tin complexes
Figure 7
Diagram of apparatus just before 
. filtration of Solid products
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to nitrogen
. to vacuum
Figure 8 Figure 9
Diagram of apparatus just after transfer 
from reaction flask to filter flask
Diagram, of the fliter funnel when used 
to dry solid products
38 
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2. Preparation of 2,2,6,6-Tetfajuethyl’~3^ 5-rh.eptanedione 
Sodium hydride dispersed in mineral oil C50.0g) was
mixed with dimethoxyethane (700 ml) and methyl pivaloate: C7Q.0 xnl,
62.4g) in a 2-1 round bottom flask equipped with a reflux condenser, . 
dropping funnel, and mechanical stirrer. /After this mixture was 
brought to reflux, a solution of pinacolone (70 ml,55.4g) and 
dimethoxyethane (75 ml) was added dropwise over a period of one and 
one-half hours. After all the pinacolone was added, the mixture 
was refluxed an additional 45 minutes. After the solution was cooled 
in an ice bath, it was poured into a beaker containing a mixture of 
water and ice (.1000 ml total) . An additional 200 ml of water was 
added upon the formation of a solid and the whole mixture acidified 
using cone. HC1. It was then extracted using methylene chloride 
(3-150 ml portions). The organic layer was distilled under vacuum.
The fraction from 78 to 88° was refractionated using a Bantamware 
distilling head with a Vigreaux column and the fraction from 86 to 
88° (ca.20mm Hg) was saved.
3. Reaction of Tin Tetrachloride and 2,2,6,6-Tatramethy1-*
3,5-heptanedione in a 1:1 Molar Ratio
Tin tetrachloride C2.0 ml,.017 mole) was added to 
35 ml of methylene chloride in a 100 ml round bottom flask.
2,2,6,6-Tetramethyl-3,5-heptanedione C3.6 ml,.019 mole) in 10 ml 
methylene chloride was added to this dropwise. To the .resultant 
orange solution approximately 50; ml of hexane were added'which 
caused the appearance, of a fine white solid which was isolated.
Mp: melts into a cloudy white liquid at 140 to 142°. which becomes 
clear at 149 to 150°.
Anal: Calcd for SnCl^C^K^QO^) :C1:31.88, C:29.70,
H:4.50. Found: Cl:31.17, 31.83, C:29.92, H:4.70
Spectral Data: See Figure 26.
4. Reaction of Tin Tetrachloride and l-Phenyl-1,3-
hutanedione in a 1:1 Molar Ratio
Tin tetrachloride (.0225 mole,2,62 ml) was added to 
25 ml of methylene chloride in the reaction vessel. 1-Phenyl-I, 
3-butanedione C-0247 mole,4.l606g) dissolved in 15 ml methylene 
chloride was added dropwise. The adduct, which formed immediately, 
was filtered, Washed with methylene chloride and dried under vacuum. 
Mp: 149 to 151°.
Anal: Calcd for SnCl^CC^QH^QO^):C1:33.5, C:28.4,
H:2.4. Found: Cl:33.3, 34.2, C:28.24, H:2.53.
Spectral Data: See Figure 25.
5. Reaction of Tin Tetrachloride,1-Phenyl-1,3-
butanedione, and Pyridine in a 1:1:1 Molar Ratio
Tin tetrachloride (2.50 ml,.0213 mole) was added to 
25 ml benzene in the reaction vessel. To this was added 1-phenyl-l, 
3-butanedione (.0224 mole,3.7651g) dissolved in 15 ml benzene. The 
adduct formed immediately. To this was added pyridine (1.80 ml,.0224 
mole) in 5 ml benzene. The mixture was then refluxed for one-half 
hour and the precipitate filtered hot (Product I) . After freeizing 
and thawing the filtrate, a fine white solid (Product II) appeared
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which was filtered in a sintered glass funnel. It was then washed 
with hexane and dried at ca.lQQ°.
Product II: Mp 216 to 217°
Anal; Calcd for SnCl2CC^QHg02}2sCl:13.85, 0:46.93,
H:3.54. Found; Cl:13.21, 14.68, 0:46.74, H:3.67.
H:2.46. Found: Cl;31.29.
Product I was reextracted with benzene using a 
microsoxlet extractor.
Anal; Found Cl:40.00.
Spectral Data; See Figure 16.
6 . Reaction of Tin Tetrabromide,l-Phenyl-l,3-butanedione 
and Pyridine in a 1:1:1 Molar Ratio
After liquefaction using a silicon oil bath, tin 
tetrabromide (2.80 ml,.0213 mole) was added to 25 ml of benzene in. 
the reaction vessel. To this was added dropwise 1—phenyl-1,3- 
butanedione (.0224 mole,3.7733g) dissolved in 15 ml of benzene. To 
the gummy yellow substance which formed was added pyridine 
(1.80 ml,.0224 mole) in 10 ml of benzene and the mixture allowed to 
stir for 20 minutes. The pale yellow solid was filtered, washed 
with hexane and dried under vacuum. Mp: shrivels 75°, melts 170-171°
Molar Conductivity? 'm ->991 cm ohms mole
(cone 01136M in nitrobenzene)
Spectral Data; See Figures 11 and 14.
Product I: Mp > 250°.
Anal: Calcd for SnCl 2 :^ 1543.27, C:24.43,
41
Anal: Calcd for j s n B r ^ ( C ^ g H g 0 2 ) : B r : 47.03,
C:26.51, H:2.22. Found: Br:44.52, 45.24, C:26.26, R:2.19.
Spectral Data; See Figure 19.
7. Reaction of Tin Tetraiodide,l-Phenyl-l»3-butanedione 
and Pyridine in a 1:1:1 Molar Ratio
Tin tetraiodide (14.12g,.0225 mole) was partially
dissolved in 25 ml benzene. To this was added dropwise 1-phenyl-l,
3— butanedione (3.9598g,.0234 mole) dissolved in 25 ml of benzene.
To this mixture was added dropwise pyridine (.0236 mole,1.90 ml) in
5 ml benzene. Upon the addition of the pyridine the solution
turned reddish-black immediately. The blackish precipitate (Product I)
was filtered and washed with hexane. The hexane caused the appearance
of a solid in the filtrate. An additional 25 ml of hexane were
added to ensure complete precipitation* The light yellow precipitate
(Product II) was filtered, washed with hexane, and dried under vacuum
overnight.
Product I: Mp: 169 to 170°
Anal: Calcd for jsnlj Jc^Nj 2 :C: 11.54, H:l* 16,
1:73.19. Found: 1:69.6, 70.4, 69.9, C:11.71, H:1.24.
Spectral Data: See Figure 17.
Product II: Mp 201 to 202° (begins to darken 159°)
Anal: Calcd for Snl2 (C^QHg0 2)2 :^ :^ . 5 3 , C:34.579
H:2.61. Found: 1:36.5, 37.1, 36.0, 35.6 * G:34.49, H:2.65.
2 -1 -1 Molar Conductivity: ■ .649 cm ohm moles
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(cone * .01045M in nitrobenzene).
Spectral Data: See Figures 12 and 15.
8 . Reaction of n-Butyltrlchlorostannane^Z-A-Pentanedione 
and Pyridine in a 1:1:1 Molar Ratio"
ri-Butyltrichlorostannane (3 m l , 1 . 8 1 x l 0 “ 2  mole) was
added to 25 ml of methylene chloride in the reaction vessel.
_22,4-Pentanedione C2.05 ml,2 .0x10 mole) and pyridine Cl*61 ml,
- 22.0x10 mole) were dissolved in 15 ml of methylene chloride and 
added simultaneously. A small precipitate was formed. After the 
addition of 35 ml of hexane, additional white solid appeared, '^ his 
solid was filtered and dried under vacuum (Product I). After the 
solvent was stripped from the filtrate, an oil remained which 
solidified after standing overnight. After grinding and stirring 
in hexane a pure white solid was isolated (Product II).
Product 1;
Anal: Calcd for Jc^nJ £c]J:C1:30.8 . Found:Cl:31.8 .
Product II: Mp: 145 to 146°
Anal: Calcd for ( C ^ K ^ S n C C ^ o p  (C^N) :C:39.57,
H:4.98, Cl:16.77. Found: Cl:16.5, C:39.48, H:5:ll.
V 0
Molar Conductivity: = 1.288cm ohms'* moles"’
(cone = .0258M in nitrobenzene).
v Spectral Data: See Figures 21 ^nd 22.
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D» Physical Measurements
1. Conductance Measurements
Conductivities were measured in nitrobenzene at room 
temperature using an Industrial Instruments Conductance Bridge and 
a Freas-type conductivity cell*
2. Halide Determinations
The percent halide was determined by potentiometric 
titration with standard silver nitrate solution using a Fisher Accumet 
Model 210 pH meter with glass and silver electrodes* The samples 
were prepared for titration by decomposition in aqueous potassium 
hydroxide followed by acidification with 6N nitric acid.
3. Melting Points
All melting points were taken in sealed capillaries 
in a Hoover Melting Point Apparatus . and are uncorrected.
Infrared Spectra
The infrared spectra were run as Nujol mulls using 
a Perkin-Elmer 457. Potassium bromide cells were used.
5« Nuclear Magnetic Resonance Spectra
The spectra were run on a Perkin-Elmer R-20B
spectrometer.
6. Analyses
Carbon and hydrogen analyses were dpne by 
Alfred Bernhardt Microanalytical Laboratory.
Ill
DISCUSSION AND RESULTS
There are several products which at least in theory can be 
obtained from a pyridine-tin tetrahalide-3-diketone system (see Figure 
10), The initial reaction of a tin tetrahalide with a 3-diketone 
as benzoylacetone may yield an isolable Lewis acid-base adduct.
The addition of pyridine to the adduct (or if the adduct has not 
visibly formed to the mixture of tin tetrahalide and 3“diketone) 
may lead to the abstraction of an enolizable proton from the 
3-diketone by the pyridine and the subsequent formation of a salt­
like complex [pyHjjRX^SnLj where L is a 3"diketonate ligand such
as benzoylacetonate ion. Pyridine is not a sufficiently strong 
base (pK - 5.1) to directly abstract the-enolizable proton from
cl
most 3-diketones. However, interaction of a Lewis acid as a tin 
tetrahalide with a 3-diketone may increase the protonic acidity to 
the point where the perturbed enolate is in a weaker base than 
pyridine and proton transfer to form the pyridinium ion will occur. 
This pyridinium-stannate salt may then lose a halide ion from the 
tin center and go on to form the apparently five-coordinate RX^SnL
complex and pyridinium halide. This mixture can then undergo two 
possible reactions. It can either Ipse a hydrogen halide and form 
a six-coordinate complex of the type pyRX2SnL in which pyridine
44
2RS11X2 + 2bzacH 2RSnX^’ • bzacH (adduct)
R = n-butyl or 
X = Cl,Br,I
[pyH]*
2C5H5N (py)
RX,
2X
2pyRX2Snbzac  -+p-
-2HX ♦
2RX0Sn(bzac) + 2pyHX
disproportionation
-SnR^X^_^
RXSnCbzac)^ *f [pyH [snX,-R| 
or R2Sn(bzac>2 + jpyHj^SnXj ” 
or X2SnO>zac)2 + [pyH^jsnX^/
Figure 10
Possible reactions of tin tetrahalide, 
benzoylacetone, and pyridine
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is coordinated directly to the tin or lO^SnL can disproportionate* 
One typical disproportionation pathway is presented below;
If R - X only the equimolar mixture of SnX^ pyH ^ an(* ^ 2^n*J2
stannate(IV) complexes are isolated. In this work the interaction
firmed by the experimental data. Both the infrared and nmr spectra 
are consistent with the presence of a pyridinium ion and oxygen- 
chelated acetylacetonato ligands. Conductivity studies are also 
consistent with the presence of a 1:1 electrolyte. On the basis of 
high, sharp melting points, single methyl resonances in the nmr 
spectrum, and a single relatively narrow line in the Mossbauer 
spectrum of each salt, stoichiometric mixtures of either pyridinium 
halide and trihaloacetylacetonatotin(IV) or pyridinium
1. ^RX^SnL SnX^R and X2S11L2
may result: (1) RXSnL9 and
Previous work by
result. If R = n-butyl, there are three possible mixtures which
43Thompson, Lefelhocz and Wong has shown that in the tin tetrahalide'
pyridine-acetylacetone system only anionic tetrahalb(acetylacetonato)
of benzoylacetone rather than acetylacetone with tin tetrahalides
and pyridine has been studied.
43
That Thompson, Lefelhocz, and Wong have actually isolated
salt-like complexes of the type is amply con-
47
hexahalostannate and diha lob Is (acetylacetonato) tin (.IV) may be 
eliminated.
Only tin tetrachloride was found to react with benzoylacetone 
to form an isolable adduct. (This adduct will be discussed later.) 
Addition of pyridine to the adduct suspended in benzene led to the 
formation of a white precipitate. Dichlorobis(benzoylacetonato)- 
tin(IV) was separated from the white solid by fractional crystal­
lization from benzene. The remainder of the solid was shown to be 
pyridinium hexachlorostannate(IV) as will be discussed later. The 
tin tetraiodide-benzoylacetone-pyridine system behaves in a similar 
manner yielding as the final products diiodobis(benzoylacetonato)- 
tin(IV) and pyridinium hexaiodostannate(IV)»
The absence of bands in the 3300 to 3000 cm  ^region (^ N_H)
in the infrared spectrum of the disubstituted diiodo- and dichloro- 
complexes (see Figures 11 and 12) eliminates any possibility of a mix­
ture containing complexes of the type jjpyEtj £snX^(bzac)J . The presence
_ 1
of bands in the 1600 to 1500 cm (vr ....n ^) indicates the
presence of oxygen chelated benzoylacetonato ligands. Conductivity 
measurements which indicate that these compounds are nonelectrolytes
2 - 1 - 1(A (Cl0Sn(bzac)„) « .99 cm ohm moles and A (I0Sn(bzac)0) m z z m z z
• 2 -x -1.65 cm ohm moles ). The nmr spectra to be discussed are also con­
sistent only with a monomeric and non-ionic structure.
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Since the benzoylacetonato ligand is unsymmetrical (i.e., 
without C^v symmetry), a dihalobis(benzoylacetonato)tin CIV) complex
has the possibility of five isomeric structures, instead of the two 
for a symmetrical ligand such as acetylacetone (see Figure 13)« The 
cis-cis-cis isomer (a) has symmetry and should therefore exhibit
two methyl and two ring proton resonances since all groups are 
symmetry non-equivalent. The CiS-CiS-trans (b) (C^ symmetry), ■
cis-trans-cis (c) (C^ symmetry)» trans-cis-cis (d) (C^^symmetry) and
trans-trans-ttrans (e) symmetry) isomers should exhibit a
single resonance each for the methyl and ring proton entities since 
the C axis renders these groups symmetry equivalent. Since the
nmr spectrum (see Figure 14) of dichlorobis(benzoylacetonato)tin(XV)
exhibits four methyl resonances (6 = 2.13,2.16,2.27„2.29ppm) of
nearly equal intensity, the complex is probably a statistical mixture
of structures a, b, and c (Figure 13) in which the chlorine atoms
47are cis to one another, j N.B. All peaks measured relative to TMS. J 
In addition to the four cis methyl peaks, dichlorobis(benzoylacetonato) 
tin(IV) exhibits an additional small peak at (6 « 2.lOppm) which may 
be due to a small amount of trans isomer. The ring proton exhibits 
only three peaks (6 *■ 6.32,6.30,6.27ppm) but the largest peak is 
probably unresolved. Diiodobis(benzoylacetonato)tin(IV) (see Figure 
15) behaves in a similar manner exhibiting four cis methyl resonances 
(6 ® 2.34,2.32,2.20,2.17ppm), a possible trans methyl resonance
CH^
cis-cis-cis
' X  ; \  /'"V&
CHa
cis-cis-trans
Ph
Ch.
Sn
/
X
CH
Ph
cis-trans-cis
CH
trans-cis-cis
I
tranS-trans-trans
The first cis or trans refers to the position of the X atoms 
with respect to each other* the second cis or trans refers to 
the relative orientation of the benzoyl groups; and the third 
cis or trans refers to the relative orientation of the acetyl 
ends of the benzoylacetonate ligands.
Figure 13
11 / . • .
Isomeric possibilities for;dihdlobis-
(benzoylacetonato) tin (itf)^
“CH-/region
CH^ region
Figure 14
Nmr spectrum of dichlorobis(benzoylacetonato) 
tinCIV) in chloroform
53
=CH- region
CH* region
Figure 15
Nmr spectrum of diiodobis(benzoylacetonato) 
tin(IV) in methylene chloride
(<5 » 2 .2ppm) and three partially unresolved ring proton resonances
(6 ■ 7.93,7.88,7.82ppm). A Cis-trAns mixture is known to exist in
■ 44the analagous titanium complex.
The ir spectra of pyridinium hexachloro- and hexaiodostannate-
(IV) (see Figures 16 and 17) contain bands in the region 3300 to
- 1  -'I3000 cm and at 1600 cm characteristic of the pyridinium ion and
-1lack the strong absorptions in the region 1500 to 1600 cm , which 
would be characteristic of the presence of an enolate ligand. Due 
to its insolubility in suitable solvents even in very low concen­
trations no conductivity measurements could be made for pyridinium 
hexachlorostannate(IV). Conductivity studies of pyridinium 
hexaiodostannate(IV) are consistent with a 2:1 electrolyte (see 
Figure 18).
The reaction of tin tetrabromide, pyridine, and benzoylacetone
yields a complex similar to those reported by Thompson, Lefelhocz, and 
43Wong , with acetylacetone namely pyridinium tetrabromobenzoylace-
-1
tonatostannate(IV). Strong bands in the region 3300 to 3000 cm 
(Vn jj ) (see Figure 19) indicate the presence of the pyridinium ions
■ _ i _
and in the region 1600 to 1500 cm (V .^.... ^  and indicate
the presence of an oxygen chelated benzoylacetonate ligand. The 
possibility of having obtained a stoichiometric mixture of either 
Br^SnQjzac) and pyHBr or B^SnCbzac)^ and .pBrgSnJ.J pyH J 2
can be readily eliminated. Work with the analagous chloro- and 
iodo-systerns establishes that the pyridinium hexaiodo- and
o
00
o
o
r H
oo
CN
r - i
oo
oovO
r - i
OO
CO
In
fr
ar
ed
 
sp
ec
tr
um
 
of 
py
ri
di
ni
um
 
he
xa
ch
lo
ro
st
an
na
te
(I
V)
oo
oo
VO
ooo
o
o
oo
oo
In
fr
ar
ed
 
sp
ec
tr
um
 
of 
py
ri
di
ni
um
 
he
xa
io
do
st
an
na
te
(I
V)
57
o
00
a)
uP
00*1-4Pm
OU-» § oCN
Mo
la
r 
co
nd
uc
ti
vi
ty
 
of 
py
ri
di
ni
um
 
he
xa
io
do
- 
st
an
na
te
(I
V)
 
in 
ni
tr
ob
en
ze
ne
ooo
vO
oo
00
ooo
oo<rrH
58
oooCO
ov
CUM3
00•H
Ph
In
fr
ar
ed
 
sp
ec
tr
um
 
of 
py
ri
di
ni
um
 
te
tr
ab
ro
mo
- 
be
nz
oy
la
ce
to
na
to
st
an
na
te
(I
V)
59
hexachlorostannate CIV) salts are much less soluble in benzene 
than X2S11L2 species; thus, there Is little difficulty in separating 
them. The probability of both compounds precipitating out simul­
taneously in stoichiometric amounts in the bromo-systern is remote.
A stoichiometric: mixture of pyridinium bromide and tribromobenzoylace- 
'tonatotinClV) should have a conductivity only half of that of a .1:1 
electrolyte. The conductivity of the complex CFigure 20) is con­
sistent with a 1:1 electrolyte. Furthermore, no trihalo-
8-diketonatotinClV) complexes have been reported.
! \ ■
Insolubility in methylene chloride, nitrobenzene, and 
nitromethane prevented a study of the nmr spectrum of this compound. 
However, since the nmr*s of both the chloro- and iodo-disubstituted 
complexes are readily observed in methylene chloride, this would 
seem to indicate that the bromo complex is not of the disubstituted 
type.
The n-butyltrichlorostannane-pyridine-acetylacetone system 
illustrates yet another of the reaction possibilities shown in 
Figure 10, namely a complex of the type, RCl2SnpyCC^H^0 2)- The
bands in the infrared spectrum (see Figure 21) in the region
3300 to 3000 cm ^ (Vn-H^ are characteristic of pyridine rather than 
the pyridinium ion. Also, only one band occurs at 1600 an"-** (ring 
. vibration) characteristic of coordinated pyridine rather than the 
two which would be characteristic of the pyridinium ion. Strong
absorptions in the region 1600 to 1500 cm ^ are characteristic of
60
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an oxygen chelated acetylacetonato ligand• Conductivity measurement 
also precludes the presence of a pyridinium ion, since it indicates
2 —  1 • —1a non-electrolyte (A :'**> 1.288 cm ohm moles ). The nmr spectrumm
Csee Figure 22) is also consistent with this structural assignment.
The first step in Figure 10, the adduct, has been isolated 
only for the tin tettachloride-£>-diketone systems. An adduct forms 
readily from the reaction of benzoylacetone and tin tetrachloride at 
room temperature. The ir spectrum (see Figure 25) which shows none
of the absorptions in the region 1500 to 1600 cm —  characteristic of 
the enolate complex, does show a band at 1680 cm“l characteristic of 
a perturbed carbonyl. This is consistent with a simple Lewis 
acid-base adduct.
Some syntheses outlined for benzoylacetone were also under­
taken in the dipivaloylmethane(DPMR)—tin tetrachloride system. The 
adduct Cl^Sn(DPMH) was isolated and its structure confirmed by the
infrared spectrum (see Figure 26). However, the disubstituted 
product, Cl2Sn(DPM)2 could not be isolated either by ref Taxing a
mixture of dipivaloylmethane and tin tetrachloride in benzene,
[ N.B. A white solid which could not be characterized and whose 
composition changed radically with repeated attempts at synthesis 
was obtained J.orby the placingrof the adduct in water (no product 
of any kind obtained).
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Figure 23
Nmr spectrum of n-butyltrichlorostannane 
in methylene chloride
*CH
PPm PpmAll [shifts measured relative to TMS
Figure 24
Nmr spectrum of benzo^lacetone in carbon 
tetrachloride
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Conclusion
We have examined the SnX^R-benzoylacetone or acetylacetone-
pyridine systems. Tin tetrachloride and tin tetraiodide systems yield 
a mixture of the pyridinium hexahalostannate(IV) and dihalobis(benzoy- 
lacetonato)tin(IV). The tin tetrabromide system yields pyridinium 
tetrabromobenzoylacetonatotin(IV). n-Butyldichloro(acetylacetonato)- 
pyridinetin(IV) is produced when n-butyltrichlorostannane is used,
The nature of the product formed seems to depend on the nature of 
the ligands attached to tin in the starting material. Some study 
of the reaction of tin tetrachloride and dipivaloylmethane has also 
been studied with a notable lack of success.
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